INTRODUCTION
Late Cretaceous dikes (so-called lamp rophyres or spessartites; Sato, 1936) on Shodo-shima Island and the adjacent area seem to be usually of tholeiitic affinities (Ujike, 1977 (Ujike, , 1978 . Among these dikes, an altered one with a major element composi tion corresponding to absarokite of the shoshonitic* association (Joplin, 1968) has been found.
Petrogenesis of the K2O-rich altered dike rock has been studied in detail to prove the possibility of an alkali igneous activity within the tholeiitic hypabyssal province. In this paper, the whole-rock chemistry of major elements and the contents of Rb, Sr, Y and Zr are reported. The mineral chemistry of plagioclase, clinopyroxene, actino lite, biotite and muscovite are described. (Joplin, 1968) . Rock, 1977) . The dike rock in question should be properly called an altered basalt or dolerite.
DESCRIPTION

PETROCHEMISTRY
The chemical composition of the dike rock is given in Table 1 . Major element concentrations were determined by con ventional wet chemical methods and atomic absorption techniques. Analysis of the trace elements, Rb, Sr, Y and Zr was carried out by X-ray fluorescence techniques using the same equipment and methods described by Terashima (1977) . The geochemical standard rock samples, PCC-1, BCR-1, AGV-1, GSP-1, G-2 and JB-1 were used for calibration. The trace element data on the other dike rocks (so-called lamprophyres) on Shodo-shima Island are given in Ap pendix 1.
As shown in Fig. 2 , the sample (solid circle), like the absarokites (crosses), has a (Pearce, 1976) are shown in Fig.  3 . Analyses with (CaO+MgO) between 12 and 20 wt.% are cited selectively from Ujike (1977) for comparison. The composi tion of the sample is plotted within the field of shoshonites, whereas that of the other dike rocks lie in the field of 'calc-alkali basalts'* in Fig. 3 . Nepheline is present in the CIPW norm composition of the sample. The K2O and Al2O3 contents are high for the SiO2 content. The K2O/Na2O ratio (= 2.6) is very high as compared to that of the so-called lamprophyre dikes in the area which ranges within 0.3-0.6 (Ujike, 1977) . The sample correspond to absarokite of the shoshonitic association (Joplin, 1968; Mackenzie & Chappell, 1972; Jakes & White, 1972) .
The K/Rb ratio (=190) is slightly lower for the K2O content compared with (Ujike, 1977) . Crosses: Absarokites (Jaques, 1976; Joplin, 1968; Mackenzie & Chappell, 1972) .Fields of magma type (Macdonald & Katsura, 1964) : ALK= alkalic, and TH=tholeiitic. * This is not in conflict with the author's argument (Ujike, 1977) that the dikes are high-alumina quartz tholeiitic, since 'calc-alkali basalts' used by Pearce (1976) includes all volcanic arc basalts other than shoshonitic and low-K2O tholeiitic associations. (Gill, 1970; Keller, 1974; Mackenzie & Chappell, 1972) . Other abbreviations as in Fig. 2 .
the main trend average (Shaw, 1968) , but well within the limits of 160 and 300 for normal igneous rocks by Taylor (1965;  quoted by Shaw, 1968) . Jakes & White ( Jaques, 1976; Keller, 1974) . It can be safely said, however, that the K/Rb ratio of the sample is not unusually low for abs arokite.
It is shown recently that some elements such as Ti, P, Zr and Y are least mobile during hydrothermal alteration and meta morphism and that magma-types can be distinguished for altered mafic igneous rocks of unknown origin using these elements (Cann, 1970; Pearce & Cann, 1973; Smith & Smith, 1976; Winchester & Floyd, 1976) . In Fig. 4 , composition of the sample is plotted on TiO2-Zr/P2O5 and P2O5-Zr diagrams (Floyd & Winchester, 1975; Win chester & Floyd, 1976) to discriminate the magma-type. Compositions of the sample (solid circle) and the other dike rocks (open circles) lie in the tholeiitic field, and the rocks of shoshonitic association (crosses) lie in the alkalic field, especially in Fig.  4 -B. In spite of the previous argument that the sample is absarokitic in composi tion, it is apparent that the magma in truded was not alkalic but tholeiitic, or at least 'subalkaline ' (p. 461, Winchester & Floyd, 1976) like the other so-called lamprophyre dikes on Shodo-shima Island. The high-K2O concentration might be due to alteration.
In Fig. 4 , the magma-type of the shoshonitic rocks cannot be distinguished from the TiO2-Zr/P2O5 diagram because of their poverty in TiO2 and Zr contents. The boundary curves were settled originally on the basis of analyses of mafic rocks from continental and oceanic regions (Floyd & Winchester, 1975; Winchester & Floyd, 1976 ). There are doubts about their ap plicability to rocks from the island arcs and the continental margins. The diagrams in Fig. 4 are, however, effective for the present purpose of showing the affinity between the sample and the other dike rocks on Shodo-shima Island and their dis similarity to the shoshonitic rocks in terms of magma-type.
MINERALOGY
Chemical compositions of minerals were determined by automated electron probe microanalysis (Okumura & Soya, 1976) . The numbers of cations were calculated by computer, assuming all Fe as Fe2+.
Plagioclase
Plagioclase is calcic (up to An93) and relatively poor in chemical zoning except at the extreme outer edges of the crystals (Table 2 ). The edge seems to have an An percent as low as An65 according to the content profile techniques (Okumura et al., Abbreviations as in Table 2 .
The variation follows the characteristic of Ca-rich clinopyroxenes from tholeiitic layered intrusions on the pyroxene quadrilateral. Bushveld Ca-rich pyroxene trend (Atkins, 1969 ) is cited and shown for comparison in Fig. 6 . A: Si-Al plot (Maruyama, 1976) . B: Al2O3-ƒ°FeO plot (Takasawa & Hirano, 1977 least not alkalic, compositionally. The dike must have become absarokitic in major-element composition through some alteration process which caused the high-K2O content. The alteration seems to have been operative restrictedly only on the dike in discussion and not regionally, as judged by the low K2O content of the adjacent dikes (so-called lamprophyres). The miner alogy of the alteration products indicates that a hydrous fluid phase played an important role in the process.
Metasomatism due to hydrothermal fluids is expected to be accompanied by a sharp decrease in the K/Rb ratio according to Shaw (1968) . The fact that the sample shows a normal K/Rb ratio may be taken as an evidence against the hydrothermal alteration origin hypothesis for the high-K2O concentration.
Nevertheless, the present author con siders that it was hydrothermal or deuteric alteration that introduced much K2O into the dike. Although a concrete process is far from certain, the process might be char acterized by the alkali exchange reaction between the rock and a hydrous fluid, taking into account the relatively low Na2O content (=1.05 wt.%) in contrast with the 1.8-3.5 wt.% Na2O of the so-called lamprophyre dikes (Ujike, 1977) .
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APPENDIX I
Some dike rocks on Shodo-shima Island were analyzed by XRF for Rb, Sr, Y and Zr at the same time as the K2O-rich dike rock of this paper, using the rest of rock powders analyzed chemically by Ujike (1977) . The results are given in Table A-1. Ujike (1977) .
